An adrenocortical carcinoma (15.5g) secreting excessive amounts of steroids with weak mineralocorticoid activity in a25-year-old woman was studied with particular reference to its in vivo and in vitro secretions of steroids. Severe hypertension, occasional low serum potassium and suppressed PRA were the major clinical findings, and were improved with removal of the tumor. In the preoperative stage, plasma levels of 11-deoxycorticosterone, 18-hydroxy-11-deoxycorticosterone, corticosterone and 18-hydroxycorticosterone were all increased. However, the plasma level of aldosterone was repeatedly normal. Although plasma levels of pregnenolone, 17-hydroxypregnenolone, progesterone and 17-hydroxyprogesterone were very high, those of other late step steroids, i.e. 11-deoxycortisol, cortisol, dehydroepiandrosterone, androstenedione and testosterone were almost normal. From these findings, a major etiological role of weak mineralocorticoids such as 11-deoxycorticosterone, 18-hydroxycorticosterone and corticosterone in her hypertension was suggested.
cinoma with hypersecretion of 11-deoxycorticosterone (DOC) (Powell-Jackson et al., 1974; Devies et al., 1980) or corticosterone (B) (Fraser et al., 1968) and of adenoma excessively producing DOC (Kondo et al., 1976) or B (Mills et al., 1980) were documented.
The present paper concerns in vivo and in vitro studies of steroidogenesis in a case with hypertension caused by an adrenocortical carcinoma producing exces- MAKENO et al.
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Japon. February1987 sive amounts of DOC, 18-hydroxy-DOC, B and18-hydroxy-B.
Case Report A25-year-old Japanese woman was admitted to Gifu University Hospital in June, 1978because of hypertension. Five years before admission hypertension (220/ 150mmHg) was first noted. On admission, her blood pressure was190/124mmHg, but the other physical examination results were negative. Laboratory data were as follows: ECG showed left ventricular hypertrophy and U waves in leads V2-V4. Serum sodium ranged140to144mEq/1 (mean 142, in12estimations), potassium3.4to 4.1mEq/1 (mean3.7, in12estimations) and chloride was103mEq/1. Potassium clearance was normal (12.0ml/min) but increased to33.2ml/min after an intravenous administration of sodium thiosulfate (normal; below30ml/min (Abe, 1964) ). Arterial pH showed mild alkalosis (pH7.45) and base excess was+2.8mEq/1. Basal PRA was low (0.1ng/ml/h; normal range 0.3to3.2) and failed to respond to2h upright posture after an intravenous administration of1mg/kg furosemide (0.2 ng/ml/h; normal range1.4to8.3). PRA responded slightly from0.1to2.2ng/ml/h to severe stimulation tests such as a combination of2h upright position after an intravenous administration of1mg/kg furosemide under sodium restriction (Na below30mEq/day) and oral administration of 40mg furosemide a day for3days. Plasma levels of aldosterone were always normal, but those of weak mineralocorticoids including DOC were markedly elevated. These data will be described later in detail.
Adrenal scintiscanning with dexamethasone pretreatment demonstrated an enlarged left by previously reported specific radioimmunoassays (Ojima, 1974; Ojima et al., 1975; C. Steroid production by tumor tissue (Table  2 ) Basal production of aldosterone, DOC and cortisol by tumor slices was markedly lower than that by control adrenal cortices and slightly responded to a pharmacological dose of synthetic1-24ACTH (10-8M).
Production of these steroids before and after ACTH stimulation by adrenal cortex adjacent to the tumor was much higher than that from the tumor tissue, but lower than that by normal adrenal cortices.
Discussion
The present tumor weighing15.5g was histologically interpreted as a differentiated adrenocortical carcinoma based on the finding of nodular lesions compressing the surrounding tissue. The lesions were composed of small cells with increased basophilia arranged in irregular solid nests and occasional mitotic figures and vascular invasion.
The removal of the tumor with adjacent tissue resulted in the restoration of normal blood pressure and serum potassium. Sustained low or low normal levels of aldosterone or DOC and their poor response to ACTH even3months after the operation suggested suppressed preoperative secretion of these steroids by the contralateral adrenal.
Normal suppressibility of plasma cortisol by dexamethasone suggested that cortisol was secreted normally even in the preoperative period mainly from the contralateral adrenal gland and/or from the adjacent tissue surrounding the tumor.
The normal plasma aldosterone level in the preoperative period in this case is in line with the findings of almost normal preoperative plasma aldosterone levels observed in DOC (Powell-Jackson et al., 1974; Kondo et al., 1976; Davies et al., 1980) or B (Fraser et al., 1968; Mills et al., 1980) producing adrenal tumor reported previously. We could not examine the aldosterone content and/or histological view of the adjacent adrenal tissue, but the basal aldosterone release from it in this case was much less than that in control adrenal tissue, although it was far more than that in tumor tissue. This is comparable with the low postoperative basal plasma aldosterone level, and suggests that the preoperative normal aldosterone level would be mainly due to the aldosterone production from the tumor. Concerning the responsiveness of aldosterone release to ACTH in the slice experiment on adjacent tissue, a slight response was observed, although it was much less than that in control adrenal tissue. Generally zona glomerulosa in tissue adjacent to an aldosterone producing adenoma, even when it shows morphologically hyperplasia, is not active in respect to aldosterone secretion (Neville et al., 1982) . In fact, aldosterone response to angiotensin II in tissue adjacent to an aldosterone producing adenoma was negligible or absent in the face of considerable response of aldosterone release to ACTH (Brown et al., 1980) . Thus, the patient's hypertension and occasional mild hypopotassemia with suppressed PRA were found to be induced by the excessive amounts of mineralocorticoids other than aldosterone secreted by the adrenal carcinoma, and as judged from the known relative potencies among these weak mineralocorticoids, DOC may play a primary role in symptoms. However, it is still possible that aldosterone, even though in the normal range, might participate in part in these symptoms.
Cases of adrenal carcinoma with hypermineralocorticoidism are usually associated with concomitant hypersecretion of the other adrenocortical hormones such as glucocorticoids and androgens, and they should be considered to be mixed hypercorticoidism rather than pure hypermineralocorticoidism. Adrenocortical tumors producing DOC (Powell-Jackson et al., 1974; Davies et al., 1980; Kondo et al., 1976) or B (Fraser et al., 1968; Mills et al., 1980) , either malignant (Powell-Jackson et al., 1974; Davies et al., 1980; Fraser et al., 1968) or benign (Kondo et al., 1976; Mills et al., 1980) , have been documented as hypermineralocorticoidism other than hyperaldosteronism. All these patients had severe hypertension and hypopotassemia.
A patient with an adrenal carcinoma with a high plasma level of DOC alone among mineralocorticoids reported by Powell-Jackson et al.(1974) excreted large amounts of urinary17-KGS. In a B producing adrenal carcinoma reported by Fraser et al.(1968) , preopereative studies on adrenal androgens and DOC were not performed.
In a benign DOC producing adrenal tumor reported by Kondo et al. (1976) , plasma B and18-hydroxy-B were not measured.
In the present case, hypersecretion of DOC, 18-hydroxy-DOC, B and 18-hydroxy-B and normal levels of plasma cortisol, urinary17-OHCS, plasma adrenal androgens and urinary17-KS confirmed the diagnosis of a rare form of pure hyperweak mineralocorticoidism.
In our case, the results of tumor slice experiments did not always support the in vivo data.
We cannot adequately explain this discrepancy:
i. e. why were progesterone, 17-hydroxyprogesterone and DOC levels in the tumor low, and why was DOC production by the tumor slice decreased in the condition of high levels of these steroids in plasma.
Low efficacy of steroid production which is a well known characteristics of adrenocortical carcinoma, and relatively large tumor size, may have in part contributed to low in vitro steroid concentrations and high plasma levels, respectively. In addition, because adrenal cortical carcinomas were rarely uniform in their structure in general, this would be related to the fact that only a portion of the tumor tissue was used for slice experiments.
Further study of similar cases is required.
